ABSTRACT This study describes the adverse effects of dietary lupines in broiler chickens for which lupine seeds (Lupinus angustifolius) in raw, dehulled, or autoclaved forms were used as a replacement for soybean meal (SBM) in practical diets. Test diets contained 35% SBM (control) or raw (40%), autoclaved (40%), or dehulled (35%) lupine seed meal. All diets were isocaloric (3,230 kcal/kg AME) and isonitrogenous (23% crude protein). Each diet was offered ad libitum to a group of 16 (four replicates with four birds per replicate) day-old male broiler chicks for 21 d. Chemical analysis of lupine seeds showed no detectable levels of mycotoxins, and total alkaloid contents were below 0.01%. Decreased food intake and growth rate were the main signs observed in all birds fed lupine-based diets. These adverse effects were observed during the first week and persisted throughout the trial. Acute signs of
INTRODUCTION
Lupine seeds contain considerable amounts of reasonably good quality proteins (Gatel, 1994) . However, the utilization of lupine seeds as a protein source in monogastric animal diets has been limited depending on the content of toxic alkaloids. The development of low alkaloid cultivars of lupine has expanded the potential use of lupine seeds in poultry diets. The suitability of various levels of lupine seeds in broiler diets were evaluated in several studies, but there is no consensus with respect to the maximum level of lupine that can be used in broiler rations (Brenes et al., 1993; Olver and Jonker, 1997) . In broiler chickens, the key adverse effects associated with inclusion of high levels of lupine in the diet were described as decreased feed consumption and growth rate (Brenes et al., 1993; Olver and Jonker, 1997) . However, 2001 Poultry Science Association, Inc. Received for publication July 10, 2000. Accepted for publication December 18, 2000. 1 To whom correspondence should be addressed: Olkowski@sask. usask. CA. 621 toxicity were observed in four chicks fed the diet containing raw lupine seed during the first week of exposure. Initial clinical signs included leg weakness, lack of coordination, and torticollis. In later stages, during Weeks 2 and 3, some birds fed lupine-based diets showed signs of muscle paralysis and skeletal deformity. Postmortem examination did not show gross pathological changes associated with the dietary treatments. Liver microsomal cytochrome P-50 content was higher (P < 0.05) in birds fed the raw lupine-based diet (mean 0.56 pmol/mg protein) in comparison with controls (mean 0.25 pmol/mg protein), which indicated a systemic effect. Based on the present results, it can be stated that high levels of some varieties of sweet lupines in broiler diets may cause significant adverse effects manifested as 1) decreased feed intake and growth rate in most of the birds, and 2) specific signs of acute and chronic toxicity in some individuals.
constraints on the level of inclusion of lupines in broiler diets may not be due only to a depression in production. In this work we report more specific signs of toxicity associated with dietary effects of L. angustifolius seeds in which soy bean meal (SBM) in a practical corn-based diet for broilers was completely replaced by lupine seed meal.
MATERIALS AND METHODS
The basal diet was a practical corn-based diet formulated to contain all nutrients to fulfill or exceed the nutritional requirements of broiler chickens (NRC, 1994) . Soybean meal or meal from L. angustifolius cv. Troll seeds were used as the primary protein source in the dietary treatments. Composition of dietary treatments and nutrient contents are shown in Tables 1 and 2 . All diets were isocaloric (3,230 kcal/kg AME) and isonitrogenous (23% crude protein). Each diet was offered ad libitum to a group of 16 (four replications, four birds per replication) day-old male broiler chicks for 21 d. The experiment was conducted in environmentally controlled rooms under Abbreviation Key: bpm = beats per minute; SBM soybean meal. constant lighting. The chickens were housed in 84-x-46-cm metal cages 3 with raised metal wire floor, four birds per cage. Water was provided ad libitum. The birds were monitored three times per day for overt signs of toxicity. Birds in extremis and all birds at the termination of the experiment were euthanised by cervical dislocation. Body weight gain (feed deprivation) and feed consumption were recorded weekly. Birds showing signs of acute toxicity and four normal birds from each group were randomly selected during the onset of clinical signs, and all remaining birds on Day 21 were subjected to electrocardiographic (ECG) examination as described by Olkowski et al. (1997) . All birds were subjected to postmortem examination. Liver samples were collected from three birds fed the SBM based diet and from three birds fed each lupinebased diet. Tibias from four control birds and four birds showing skeletal deformities were analyzed for ash content according to the previously described method (AOAC, 1990) . The lupine seeds were analyzed for common mycotoxins 4 by using thin-layer chromatography and were screened for total alkaloids content as described 3 Jamesway Manufacturing Co., Ft. Atkinson, WI 53538. The samples were analyzed for the following mycotoxins with detection limits (mg/kg) indicated in parentheses: ochratoxin A (0.001); nivalenol and deoxynivalenol (0.005); T2 and diacetoxyscirpenol (0.1). Analyses were performed by the National Veterinary Institute, 24-100 Pulawy, Poland.
by Ruitz (1976) . Liver microsomal cytochrome P-450 content was measured as described by Guengerich (1989) . The experimental protocol was approved by the Animal Care Committee, and the procedures were performed in accordance with the requirements of the Guide to the Care and Use of Experimental Animals (Canadian Council on Animal Care 1993).
Statistical Analysis
Statistical analyses were carried out by ANOVA from the microcomputer software Number Cruncher Statistical System (Hintze, 1995) . The means were compared using Fisher's least significant difference test. Statistical signifi- cance was assumed to exist when the probability of making a type I error was less than 0.05.
RESULTS
The lupine seeds used in the present study did not contain any detectable common mycotoxins. The total alkaloid content of lupine seeds used in the present study was less than 0.01%. Broilers fed lupine-based diets showed markedly decreased food intake and growth rate and a higher feed:gain ratio (Table 3 ). These effects of dietary lupine were the main signs observed in all birds during the first week and persisted throughout the trial. Dehulling or autoclaving did not have any impact on feed consumption or body weight gain. Acute signs of lupine toxicity were observed with four chickens fed the diet containing raw lupine seed during the first week of exposure. Two birds died and two were euthanized in extremis. The initial clinical signs included feed refusal, leg weakness, lack of coordination, muscle paralysis, and torticollis. The affected birds tended to sit with their heads retracted backward (Figure 1 ). Initially, they appeared alert, hypersensitive to external stimuli, and were very vocal, but this condition was followed by progressive weakness and coma. The affected birds had a significantly FIGURE 1. Broiler chicken fed control soybean-based diet (right) and broiler chicken fed diet containing 40% raw lupine seed meal (left). Note twisting of the neck (torticollis) and unnatural position of the head in the chicken exposed to the diet containing raw lupine seed meal.
(P < 0.01) lower heart rate [mean 186 beats per minute (bpm)] in comparison to apparently normal birds from the same group (mean 384 bpm) or those fed an SBMbased diet (mean 409 bpm). At the termination of the experiment (21 d of age), there were no significant differences in the heart rate between control birds and those fed lupine-based diets (mean 350 bpm). Slow heart rate (bradycardia) was apparent only in chickens showing acute signs of toxicity, and no other forms of cardiac arrhythmias were observed in birds fed lupine-based diets.
During the second week of exposure, three broilers from the group fed the raw lupine based diet started to show signs of wing paralysis manifested as "drooping" wings ( Figure 2) . Initially, the signs were mild and were apparent only upon prolonged careful observation, but by the end of the experiment, two of the three affected chickens were unable to hold their wings in the normal upright position for longer than only a few seconds.
A total of seven chickens from the lupine treatment groups developed skeletal deformities. In particular, all affected birds showed striking similarities in limb deformities as presented in Figure 3 . There was no swelling of the joints in the affected limbs, and there was no evidence of arthritis upon postmortem examination. Other skeletal deformities detected in these chicks at necropsy included crooked sternum and mild scoliosis in the thoracic vertebrae region. There was no difference in bone ash content between affected birds (54.2 %) and control birds (54.5%). No skeletal deformities were observed in control birds.
Postmortem examination did not show any gross pathological changes associated with the treatment. Liver microsomal cytochrome P-450 content was higher (P < 0.05) in lupine-fed birds in comparison to controls (Table 3).
DISCUSSION
Most commonly, the signs associated with consumption of lupines in a variety of species are described as decreased feed intake and depressed growth rate (Guillaume et al., 1979; Brenes et al., 1993; Olver and Jonker, 1997; Allen, 1998; Edwards and Barneveld, 1998) . These results are consistent with our other studies of several varieties of L. albus, L. luteus, and L. angustifolius (Olkowski et al., unpublished observations) in which the inclusion of lupine seeds in broiler chicken diets at a rate of 40% caused significant decline in feed consumption and growth rate.
Feed refusal is probably one of the most prominent adverse effects observed in animals fed lupines. Other antinutritional factors (e.g., trypsin inhibitors, lectins, and tannins) that may affect growth rate are present in lupines in negligible amounts (Edwards and Barneveld, 1998; Petterson, 1998 ) and probably did not have any significant direct effects on growth in our chickens. Hence, the reduction in feed intake, likely associated with poor palatability, was most likely the main cause of reduced body weight gain in otherwise normal broilers. However, the present study has shown that in some broiler chickens, in addition to these general signs, there are more specific signs of poisoning associated with feeding lupine seeds.
The pharmacological effects of the quinolizidine alkaloids present in lupine seeds include respiratory depression, hypotension, neuromuscular blockage, cardiac function depression, fibrillation and cyanosis, ataxia, progressive weakness, and coma (Mazur et al., 1966; Yovo et al., 1984; Allen, 1998 ). Significant bradycardia observed for the birds showing acute signs of toxicity during the first week of exposure is consistent with the depressant effect of lupine alkaloids on cardiac function. However, it is notable that there were no significant differences in heart rate between the control chickens and those fed lupinebased diets after 21 d of exposure. The lack of obvious changes in heart function in chickens fed lupine-based diets for 21 d indicates that, after prolonged exposure, these birds might have increased their tolerance threshold. Increased tolerance to xenobiotics is a natural response of a host and is associated with the development of microsomal enzymes responsible for biotransformation of toxins. In the present study, increased tolerance is evidenced by a significant increment in cytochrome P-450 content in the liver microsomes of birds fed lupinebased diets.
The acute toxic effects observed in our chickens are essentially consistent with the signs of lupine poisoning observed in other species, but it was somewhat surprising to observe skeletal deformities in some individuals after prolonged exposure to lupine-based diets. Interestingly, the early acute toxic effects and wing paralysis appear to be associated with some compounds that are thermolabile and are located in the hulls, as these signs were not observed for birds fed diets containing autoclaved or dehulled lupine seeds. In contrast, dehulling or autoclaving did not prevent chronic adverse effects such as reduction in feed intake, reduced body weight gain, or skeletal deformity observed in later stages of exposure.
Consumption of lupine plants or milk of lactating animals grazing on lupine plants by pregnant females may result in congenital skeletal deformities of the offspring (for review see Allen, 1998) , but there are no documented cases of deformities associated with lupines during postnatal development. To our knowledge, however, such studies were not conducted in birds. Because the skeletal problems in the present study were observed only for birds fed lupine-based diets and not in birds fed control, i.e., SBM-based diet, there is a strong indication that these deformities were associated with dietary lupine. It has to be stressed that fast-growing broilers are prone to skeletal problems, and a variety of skeletal deformities are observed occasionally in otherwise normal broiler flocks. Interestingly, there were no apparent problems with the mineralization of bones in affected chickens. It is possible that young, fast-growing broiler chickens, because of extremely rapid development of the skeletal structure, could be more vulnerable to toxic compounds, but the cause of this malformation is not obvious. The only known alkaloid in lupines that has been associated with teratogenicity is anagirine, which is present in relative abundance in L. caudatus, L. luxiflorus, and L. sericeus. Anagirine was not measured in the present study, but other studies indicate that sweet varieties of lupines (L. albus, L. luteus, and L. angustifolius) do not contain this alkaloid (for review see Allen, 1998) . Hypothetically, the architecture of rapidly developing bones in fast-growing broilers could be indirectly influenced by the neuromuscular effects of lupine alkaloids, and these effects were apparent in the present study.
The tolerance of lupine alkaloid appears to vary among different species. In the rat, toxicity of sweet varieties of lupines is considered to be low. Even cultivars containing up to 0.09 % alkaloids fed at high dietary levels for a prolonged period of time does not produce deleterious effects (Ballester et al., 1980 (Ballester et al., , 1984 . However, appetite depression has been reported for the rat at 1.8% total alkaloid content and for pigs at 0.033% total alkaloid content in diets (Allen, 1998) .
Although the alkaloid content of lupine used in the present study was low, it appears that broiler chickens may be more sensitive to lupine toxicity relative to other animals. In particular, fast-growing broiler chickens may be more sensitive to toxic challenge of lupine alkaloids because of the high metabolic rate associated with rapid growth. Also, as evidenced by increased content of cytochrome P-450 in the liver microsomes of our chickens, the dietary inclusion of lupine seeds resulted in a systemic response of the host.
There is little doubt that lupines cause adverse effects, but findings on the tolerance level of dietary lupines in broiler chickens are inconsistent. Brenes et al. (1993) concluded that broiler chickens can tolerate up to 25% sweet lupine seed meal with no effects on production parameters, provided there is adequate supplement of lysine and methionine. In contrast, Olver and Jonker (1997) found no adverse effects when L. albus was added at up to 40%; however, the authors observed growth depression when L. angustifolius was included in the diet at as low as 10%. Overall, the discrepancies in the tolerance levels observed in different studies on lupines indicate that there are considerable differences in the content and potency of toxic factors. Generally, the effects associated with the inclusion of high levels of lupine in the broiler diet are manifested mainly as decreased feed consumption and growth rate in otherwise normal individuals, but as the present study indicates, more specific signs of lupine toxicity may occur in some individuals.
